Recent research has demonstrated that social responsiveness (comprised of social awareness, social information processing, reciprocal social communication, social motivation, and repetitive/ restricted interests) is continuously distributed within the general population. In the present study, we consider temperament as a co-occurring source of individual differences in social responsiveness in young children. The sample consisted of 62 infants assessed at 2-, 3-, and 4-years-old. Measures of temperament were obtained at each age (Early Childhood Behavior Questionnaire, Children's Behavior Questionnaire) and social responsiveness was measured at 4-years-old (Social Responsiveness Scale; SRS). Multivariate patterns of association between components of temperament and social responsiveness were observed at each age, with overall findings in line with the broader literature examining temperament and socio-development associations. Importantly, these results provide support for the usefulness of temperament as a relevant source of variability in social responsiveness, as measured by the SRS, in typically developing young children.
2011). This dimensional approach offers a promising means of enhancing our understanding of temperamental co-relations with socio-developmental outcomes. The current study sought to identify patterns of association between components of temperament and social responsiveness within a typically developing sample of young children.
Temperament and Socio-Developmental Outcomes
Temperament has been defined as "constitutionally based individual differences in reactivity and self-regulation, in the domains of affect, activity, and attention" (Rothbart & Bates, 2006, p. 100) . Though temperament is considered by definition to be relatively stable and biologically based, it is also modifiable as a function of development and environmental influences such as heredity, maturation and experience (Rothbart & Bates, 1998; Rothbart & Derryberry, 1981) . Importantly, this underscores the significance of considering developmental shifts in the manifestation of temperament relative to other domains of interest, including as socio-developmental outcomes. Following the framework of Rothbart and colleagues (Rothbart & Bates, 2006) , temperament involves individual variability in reactivity (i.e., latency, intensity and duration of emotional, attentional and motor responsiveness to changes in both internal and external environment) and regulation (i.e., processes of effortful control and orienting that modulates reactivity). Though the terminology used varies across studies, three overarching temperament dimensions are widely accepted and are briefly described below (for a review see Sanson, et al., 2004) .
Negative affect is generally conceptualized as fear, shyness, anxiety, sadness, anger, discomfort, or general distress proneness (Rothbart, Ahadi, & Evans, 2000; Rothbart & Bates, 2006) . Negative affect, expressed as general distress proneness, is the earliest emerging form of environmental reactivity, while reactivity to novelty and limitations (fear and frustration) are later emerging forms. Also called negative reactivity, this dimension has been related to internalizing and externalizing problems and deficits in social skills (Eisenberg et al., 1993; Eisenberg et al., 2000; Murphy, Shepard, Eisenberg, & Fabes, 2004; Sallquist et al., 2009) . Surgency/extroversion refers to positive emotionality, sociability, reward sensitivity and activity level (Gartstein & Rothbart, 2003; Rothbart, et al., 2000) . This dimension, also referred to as approach-withdrawal or inhibition, characterizes responses to novel situations and people. Researchers have identified relations between temperamental inhibition and internalizing behaviors including anxiety in social situations (Kagan & Snidman, 1999; Perez-Edgar & Fox, 2005; Sanson et al., 2009 ). Effortful control is the ability to regulate attention (e.g., nondistractibility, persistence), emotions and behavior (Rothbart, Ellis, Rueda, & Posner, 2003) . Early emerging effortful control behaviors during the first year of life include orienting and soothability, while volitional attentional control develops in early childhood concurrent with significant changes in neurobiology (Putnam, Gartstein, & Rothbart, 2006; . Effortful control has been associated with lower levels of externalizing problems and with better social skills and social competence (Sanson, et al., 2009; Sanson & Prior, 1999) . Although these associations are complex, broadly speaking, negative affect, surgency/extroversion and effortful control have each been associated with socio-developmental outcomes.
Although various models have been posed to account for these effects (i.e., direct linear effects; indirect linear effects; temperament × environment interactions; temperament × temperament interactions), a transactional approach emphasizes the ongoing interaction among intrinsic child characteristics (e.g., temperament, cognitive capability, health, etc.) and environmental aspects (parent and family characteristics, sociocultural context, etc.; Cicchetti & Cohen, 1995) . From this perspective, temperament is often viewed as a risk or protective factor for developmental outcomes. That is, although temperament alone is not considered causative for particular outcomes (i.e., poor socio-development, psychopathology, etc.) it is nonetheless considered an important contributor to developmental pathways. Research supports this view, as negative affect is associated with increased vulnerability to environmental stressors, while positive emotionality and regulation skills may serve as protective factors (Eisenberg, et al., 2000; Rothbart & Bates, 2006; Sanson, et al., 2004) . In a closely related viewpoint, temperament has been positioned as an organizer of developmental change (Fox, Henderson, Perez-Edgar, & White, 2008) , wherein certain temperament styles influence and maintain developmental outcomes. In this way, individual differences in temperament reactivity and regulation (including maturational and experiential changes) have meaningful import for understanding socio-emotional development.
From this perspective, children who are temperamentally more positive (e.g., adaptability, positive affect, soothability) and/or high in effortful control (e.g., self-regulation of distress and inhibition, attention regulation) may have increased opportunities for participating in social exchange, as their positive emotionality and capacity for self-regulation support their interaction with others; in contrast, temperamental negativity (e.g., fear, frustration, sadness, discomfort) and/or low effortful control may compromise social exchange by impacting infants' opportunities for interaction. Support for this is found in research examining joint attention in infants and toddlers. Although results are somewhat inconsistent, aspects of temperamental positive affect have been related to more frequent episodes of social attention sharing (i.e., joint attention) and negative affect has been associated with less frequent joint attention (Salley & Dixon, 2007; Todd & Dixon, 2010; Vaughan et al., 2003; Vaughan Van Hecke et al., 2007) . Overall, evidence supports the view that temperament may operate as either a risk or protective factor for socio-developmental outcomes; however, associations with social responsiveness, as a specific index of socio-development have not been examined.
Social Responsiveness
Social responsiveness can be considered in terms of a general association with social developmental outcome, and more specifically, as a reflection of the particular social communication deficits associated with autism spectrum disorders (ASDs). For our purposes, we use the term to reference the domains measured using the Social Responsiveness Scale (SRS; Constantino, 2002) , including social awareness, social information processing (social cognition), capacity for reciprocal social communication, social motivation (anxiety/avoidance), and repetitive/restricted interests.
Within the general population, a continuous distribution of deficits in social responsiveness has been observed using methods such as symptom counts and/or quantitative ratings of autistic social impairment (Constantino, 2011; Ronald, Happe, Price, Baron-Cohen, & Plomin, 2006; Skuse et al., 2009 ). For example, within a population based sample (788 twin pairs) elevations were observed across core areas of autism (i.e., reciprocal social behavior, social communication, and abnormal restricted/repetitive behaviors) for 1.4% of males and 0.3% of females that fell at or above the mean elevation for children with PDD-NOS (Constantino, Przybeck, Friesen, & Todd, 2000; . This variability in social responsiveness was maintained even after accounting for other domains of psychopathology (Constantino, Hudziak, & Todd, 2003) . A handful of studies have examined differences in social responsiveness in other clinical populations, by way of comparisons to both non-clinical and ASD populations. For example, youth with mood and anxiety disorders, disruptive behavior disorders and attention-deficit/hyperactivity disorder (ADHD) exhibit higher scores on ASD symptom scales relative to typically developing youth (Geurts et al., 2004; Gilmour, Hill, Place, & Skuse, 2004; Pine, Guyer, Goldwin, Towbin, & Leibenluft, 2008) .
In other words, although the deficits observed among individuals with autism spectrum disorders are by definition markedly atypical in comparison to other populations, the threshold for diagnosis is in fact a categorical one. Therefore, subthreshold autistic traits (i.e., autistic traits that fall below the threshold of severity for an ASD diagnosis) are observable among individuals without an ASD diagnosis. This may include deficits in any number or combination of social responsiveness domains that nonetheless fall short of the level of clinically significant impairment necessary for an ASD diagnosis. For example, a child may display low social motivation but intact social awareness and social cognition; another child may show low levels of social reciprocity in all areas and yet not meet the diagnostic cutoff. The characterization of social responsiveness in this way allows a dimensional representation of an individual's strengths and weaknesses in a variety of domains. This is significant for understanding variation in socio-developmental competencies among the typically developing population.
As discussed above, temperament can be considered as a risk or protective factor for sociodevelopment outcomes, and as such, greater impairment in social responsiveness (i.e., those scoring low on social responsiveness) may correspond with a specific temperament profiles in young children. Furthermore, given the observed variability in the manifestation of social responsiveness, these individual differences are likely to have important implications as a metric of general socio-developmental outcome in typically developing populations. The nature of the associations between temperament and specific components of social responsiveness, particularly variability in these associations across ages, may shed light on the developmental domains that cohere to lead to specific adaptive and less adaptive sociodevelopmental outcomes. To our knowledge, no other study has examined multivariate corelations between temperament and this quantification of social responsiveness in typically developing children.
Present Study
In the present study, the primary aim was to examine patterns of association between multidimensional measures of temperament and social responsiveness in young children. The current study had two goals. The first purpose was to examine the multivariate relationship between dimensions of temperament as measured at 2 and 3 years of age with social responsiveness outcome at 4 years of age. The second purpose was to examine the concurrent multivariate relationship between dimensions of temperament and social responsiveness (as measured by the Social Responsiveness Scale) at 4 years of age. Based on previous studies linking temperament and broader socio-developmental outcomes (i.e., social competency, developmental psychopathology), it was hypothesized that at each age, temperament dimensions of surgency/extraversion and effortful control would be positively associated with higher levels of social responsiveness, whereas negative affect would be negatively associated with social responsiveness in young children.
Methods

Participants and Procedure
Participants were drawn from a sample of infants and mothers enrolled in a longitudinal study (5-months to 4-years of age) examining cognition and emotion integration during early development. Data available on temperament at 2-, 3-, and 4-years-old and social engagement outcome at 4-years-old were examined in this study. Criteria for inclusion in this study included complete temperament and social responsiveness data at each time point. The final sample of 60 children (31 boys and 29 girls; 52 Caucasian, 2 African American, 1 Asian and 5 Hispanic) were born full term and had no diagnosed neurological problems or developmental delay. All mothers completed a high school education, with 85% of mothers also having a college degree. Mothers were paid for participation at each wave of the study. Children were given a small gift for participation at each age.
Prior to each visit, mothers were mailed questionnaires to complete at home. On arrival at the research laboratory, participants and their mothers were greeted, procedures were described, signed consent was obtained from the mothers, questionnaires were collected and laboratory tasks examining cognition and emotion were completed. For the purposes of the present report, only data from questionnaire measures were examined.
Measures
Temperament-Measures of temperament were obtained from parent report using measures designed to tap into developmentally appropriate scales of temperament. When children were 2 years old, mothers completed the 201-item Early Childhood Behavior Questionnaire (ECBQ; Putnam, et al., 2006) . The 18 ECBQ scales, derived from 201 items, have demonstrated internal consistency ranging from .57 to .90 (average =.81) and interrater reliability estimates ranging from .09 to .57 (average r=.39) (Putnam et al., 2006 ).
In the current study, ECBQ scales had an internal consistency ranging from .66 to 92 (average =.79). When children were 3 and 4 years of age, mothers completed the Children's Behavior Questionnaire (CBQ; Rothbart, Ahadi, Hershey, & Fisher, 2001 ). The CBQ scales, derived from 196 items, have demonstrated internal consistency ranging from . 64 to .92 (average =.77) and interrater reliability estimates ranging from .67 to .92 (average =.75) (Rothbart, et al., 2001 ). In the current study, CBQ scales had an internal consistency ranging .63 to 94 (average =.78).
On the ECBQ and CBQ, mothers rated the frequency of specific day-to-day behaviors using a 7-point scale with responses ranging from 1 ("never") to 7 ("always"). From these ratings, three overarching factors are derived -surgency/extroversion negative affect, and effortful control (see Table 1 for scale loadings on each factor for both measures).
Social Responsiveness-Social responsiveness was quantified at 4 years of age, as measured by parent report on the Social Responsiveness Scale (SRS; Constantino, 2002) . The SRS is a 65-item questionnaire designed to examine the various dimensions of interpersonal behavior, communication and restricted/repetitive interests that are characteristic of autism spectrum disorders. Overall, the SRS items form a single factor that is continuously distributed in the general population (Constantino, et al., 2000; . This quantification of social responsiveness is uncorrelated with IQ and represents a domain of social development that is distinct from other psychopathology (Constantino, et al., 2000; .
The SRS yields a total T-score, as well as T-scores on five subdomains that provide a more detailed picture of social impairments. Higher scores are indicative of greater impairment, with children above the SRS total score cutoff (T-score =60) evidencing low social responsiveness. Note however that a high score on the SRS does not necessarily mean that a child will receive an ASD diagnosis. The SRS total score has demonstrated good internal consistency, ranging from .93 to .97 across normative and clinical groups (average =.95), interrater reliability estimates ranging from .75 to .91 (average =.83), and test retest reliability estimates (average 17 months) of .77 for females and .85 for males. In the current study, the SRS total score had an internal consistency of .87.
On the SRS, mothers rate specific and observable elements of social behavior on a scale form one (not true) to four (almost always true) on the basis of their frequency, rather than intensity, of occurrence. Items query a range of mild to severely abnormal attributions and behaviors. The social awareness subdomain queries the ability to detect social cues and represents the sensory aspects of reciprocal social behavior (e.g., "Is aware of what others are thinking or feeling", "Doesn't seem to mind being out of step with others"). The social cognition subdomain involves social information processing, or the ability to interpret social cues, representing the cognitive-interpretive aspects of reciprocal social behavior (e.g., "Takes things to literally and doesn't get the real meaning of conversation", "Is able to understand the meaning of other people's tone of voice and facial expressions"). The social communication subdomain includes the capacity for reciprocal expressive social communication (e.g., "Has difficulty relating to peers", "Is able to communicate his or her feelings to others"). The social motivation subdomain captures the extent to which a child is generally motivated to engage in social-interpersonal behavior and includes anxiety, inhibition, and empathic orientation (e.g., "Would rather be alone than with others", "Seems more fidgety in social situations than when alone"). The restricted/repetitive interests subdomain includes stereotypical, repetitive behaviors or highly restricted interests characteristic of autism (e.g., "Has more difficulty than other children with changes in routine", "Has an unusually narrow range of interests").
Analytic Strategy-Multivariate canonical correlation analysis (CCA) was used to test the hypothesized links between temperament and social responsiveness. CCA is a multivariate technique that allows for simultaneous comparisons among multiple dependent variables and reduces experimentwise error (type I) that would result from running multiple statistical tests such as multiple regression for each dependent variable. This approach is in line with the goals of the present study, as CCA provides the ability to simultaneously consider multivariate associations across dimensions of both temperament and social responsiveness. This in turn allows identification of detailed patterns of association including the unique and relative contributions of indices of temperament and components of social responsiveness at each age.
In addition, gender and maternal education, as a proxy for socioeconomic status, were included in the analyses. Results from meta-analyses of temperament have suggested the presence of gender differences; girls may show higher levels of effortful control and boys higher levels of surgency/extroversion (Else-Quest, Hyde, Goldsmith, & Van Hulle, 2006) . Socio-developmental outcome research has also documented gender effects. Among typically developing children, some evidence suggests that temperament may be more predictive of resilience for girls, while other studies report this effect for boys only (see Sanson, et al., 2004) ; among atypically developing populations, prevalence rates for clinical level deficits in social communication (i.e., ASDs) are higher for males (Fombonne, Simmons, Ford, Meltzer, & Goodman, 2003) . Although evidence for socio-metric differences is inconsistent, some researchers have reported that elevated scores on temperamental difficulty are more likely among children from lower SES families (Sanson, et al., 2004) . Although these factors were included as potentially relevant covariates, given the inconsistency of these findings, no specific hypotheses were made regarding the roles of gender and SES.
Results
Descriptives
Descriptive data for temperament factor and scale scores (2-year-old ECBQ and 3-and 4-year-old CBQ) are presented in Table 1 . Social responsiveness descriptive data at 4-yearsold are presented in Table 2 . Recall that higher scores on each subdomain indicate greater impairment; however, a high score on the SRS does not necessarily mean that a child will receive an ASD diagnosis. Although there were no children with an identified ASD diagnosis or developmental delay in the present study, a total of 6 children were at or above the clinical cutoff (total T score ≥ 60), representing deficits in social responsiveness within the subclinical range. It is worth noting that, as a group, means for SRS subscales were as expected for a typically developing sample of children; excluding those above the clinical cutoff, the majority of children who evidenced deficits in social responsiveness were nonetheless within the range of normal limits.
Primary Analyses
A canonical correlation analysis was used to examine the multivariate relationship between temperament at 3 time points (ages 2, 3, and 4) and social responsiveness at age 4. At each time point the relationship between a set of temperament variables was examined in relationship with the set of social responsiveness variables. The five subscale scores representing children's social responsiveness, as measured by the Social Responsiveness Scale, served as the criterion variable (Set 1). The variables in this data set included social awareness, social cognition, social communication, social motivation and restricted/ repetitive interests. The predictor variables (Set 2) were the three temperament dimensions, entered in three separate analyses at each age (specific scales for negative affect, surgency/ extroversion and effortful control are listed in Table 1 by age). A separate canonical correlation analysis was used for each subset of temperament with the set of social responsiveness allowing full examination of the multivariate relationship between the major components of temperament and the construct of social responsiveness.
In each analysis 0-2 canonical functions were statistically significant using a Wilk's lambda significance criterion. Tables 3 -5 report the results for each of the age points and also include the canonical correlation. The effect size reports the amount of variance shared by the 2 sets of variables. The number of canonical variates interpreted in each analysis was determined by statistical significance as well as the amount of explained variance between the sets of variables. In each set the first variate explained at least 40% of the variance; when a second variate was interpreted it accounted for approximately 30% of the remaining variance. In no case was it deemed necessary to explain a third variate, even if statistical significance existed, based on the low amount of variance explained.
For significant functions, the squared canonical correlations were examined to determine the amount of variance accounted for by the variate(s). The standardized canonical function coefficients and the structure coefficients were examined for each significant function. Standardized canonical function characteristics operate similar to beta weights in multiple regression, reflecting the relative contribution of the variable given the other variables included in the variate. The structure coefficients are correlation coefficients between the variable and its created variable from the set, which describe the direct contribution of the variable without the impact of the other variables in the equation. According to the guidelines of Sherry and Henson (2005) , both standardized and structure coefficients have been reported for a more thorough interpretation of the analyses. Variables with the highest contribution to the canonical variate were selected using the convention of a .45 cutoff for the structure coefficient. These structure coefficients appear in bold in the table.
At age 2, negative affect was the only significant temperament factor (Wilks' = .16 for the canonical variate), accounting for 58% of the variance (Table 3) . Correlations from the social responsiveness set indicate that social cognition, social communication, social motivation and restricted/repetitive interests significantly contributed to the variate. This same pattern was also apparent in the standardized coefficients. Although the coefficient for social cognition was smaller than one would expect, this was due to the level of correlation within the variable set. The relevant variables from the negative affect set were discomfort, mother's education and gender. The sign of the correlation is shared for all social responsiveness variables, discomfort and gender (i.e., all correlations were negative), which indicates the presence of positive associations between these variables; in contrast, mother's education level displayed the opposite sign, indicating an inverse association. This pattern of association indicated that higher levels of discomfort and being male were associated with impairment in social cognition, social communication, social motivation and restricted/ repetitive interests; in addition, children whose mother's had higher education levels (i.e., some college or better) had reduced levels of social impairment. (Note that scoring for the Social Responsiveness Scales yields higher values for greater impairment, while lower SRS values indicate better social responsiveness.)
At age 3, significant variates were found for each temperament set and social responsiveness (Table 4) . For the surgency/extroversion subset, there were two significant canonical variates (Wilks' = .16); the first accounted for 46% of the variance and the second accounted for 38% of the remaining variance. Again there was some collinearity in both the social responsiveness and extraversion set that presented a slightly different pattern in the standardized coefficients, however, the general pattern was similar. The first variate indicated that a higher level of shyness was associated with impairment in social communication and social motivation (i.e., higher SRS scores), while higher levels of impulsive behavior reduced social impairment in these domains. For the second variate, as was the case at age 2, greater impairment in social cognition, social communication and restricted/repetitive interests was related to being male; children whose mothers had higher education levels (i.e., some college or better) had reduced levels of social impairment.
For the negative affect subset at age 3, one canonical variate was significant (Wilks' = .34) and accounted for 40% of the variance. Higher levels of fear and being male were related to lower social communication, social cognition and more restricted/repetitive interests (i.e., higher SRS scores). Children whose mothers had higher levels of education had reduced levels of impairment in social responsiveness.
Finally, in the effortful control subset at age 3, one canonical variate (Wilks' =.32) significantly accounted for 48% of the variance. This function indicated that greater impairment in social awareness was related to being female and having a mother with a higher education level.
At age 4, analysis of concurrent association between social responsiveness and temperament sets revealed significant canonical variates (Table 5 ). For the surgency/extroversion subset at age 4, two variates were significant (Wilks' =.17), with the first accounting for 63% of variance and the second accounting for 36% of the remaining variance. For the first variate, higher levels of shyness, but lower levels of activity and impulsivity were associated with greater impairment in social motivation and social communication (i.e., higher SRS scores). For the second variate, the function indicated that being male and children whose mothers had lower education levels displayed greater impairment in social cognition, social communication and more restricted/repetitive interests.
For the negative affect subset at age 4, one variate was significant (Wilks' = .37) and accounted for 43% of the variance. Social motivation appeared to suffer from collinearity in the set, as evidenced by its low standardized coefficient. This function indicated that higher levels of fear and sadness, but lower levels of soothability and lower maternal education were associated with greater impairment in social communication, social motivation social cognition and restricted/repetitive interests.
For the effortful control subset at age 4, there were two significant variates (Wilks' = .27); the first accounted for 47% of the variance and the second 32% of the remaining variance. In the first variate, lower levels of inhibitory control and attention shifting were associated with greater impairment in all SRS domains. For the second variate, the pattern indicated that being female and having a mother with some college or more education increased deficits in social awareness, while being male and having a mother with lower education levels increased deficits in social communication.
Discussion
The purpose of this study was to examine multivariate relationships between temperament and social responsiveness in typically developing young children. Kagan (2011) has recently emphasized the importance of identifying patterns of development within and across domains of interest, as these relationships may lead to an understanding of the larger causal patterns of influence and conditions which lead to a specific developmental outcome. From this view, the variability in social responsiveness reported within typically (and atypically) developing populations (Constantino, 2011; Ronald, et al., 2006; Skuse, et al., 2009 ) provides a means of characterizing patterns of adaptive and less adaptive development in this domain alongside individual variability in temperament that together yields a uniquely rich window on socio-developmental outcomes. We know of no other studies that have examined temperament across infancy and early childhood in relation to social responsiveness outcomes in typically developing children.
We initially hypothesized that at each age (2, 3 and 4 years-old), temperament dimensions of surgency/extraversion and effortful control would be positively associated with higher levels of social responsiveness (as measured by the SRS subdimensions), whereas negative affect would be negatively associated with social responsiveness in young children. The overall pattern of results from the multivariate canonical analyses provided support for this hypothesis; however, the actual findings are somewhat more complex and are summarized below. The multivariate pattern of association between each broad temperament factor and social responsiveness outcome is discussed below.
Surgency/Extroversion
Associations between temperament scales comprising surgency/extroversion were observed beginning at 3 years of age. Higher levels of shyness (i.e., inhibition or approach in situations involving novelty) at 3 and 4 years displayed a consistent and strong association with impairments in both social motivation and social communication; lower levels of impulsivity (i.e., speed of response initiation) and activity level (i.e., level of gross motor activity) were also associated with increased impairment in these SRS subdomains. This link between shyness, social motivation and social communication is consistent with the broader literature documenting relations between temperamental inhibition and internalizing disorders or social anxiety (Kagan & Snidman, 1999; Perez-Edgar & Fox, 2005; Sanson, et al., 2009) . The observation that less impulsivity and lower activity level actually decreased social motivation and social communication was less expected, but this may also be considered as avoidance/withdrawal behaviors, as they reflect lower levels of positive reactivity in response to the internal and external environment. It is worth noting that other aspects of positive affect did not contribute to the variate (i.e., positive anticipation, smiling, high intensity pleasure), which suggests that the expression of avoidance behaviors (i.e., shyness, low impulsivity, low activity level), rather than the expression of positive affect alone, is more relevant for the social responsiveness outcomes measured by the SRS.
Negative Affect
Our findings reveal consistent associations between indices of negative affect at each age and later social responsiveness in early childhood. At age 2, discomfort (i.e., amount of negative affect expressed in response to sensory qualities of stimulation) was the only dimension that emerged as significant. However, it was associated with multiple impairments in later social responsiveness at age 4, as each contributed strongly to the variate (i.e., social cognition, social communication, social motivation and restricted/ repetitive interests). By age 3, the most relevant component of negative affect was higher levels of fear (i.e., unease, worry, nervousness in novel or threatening situations), which was linked to greater impairments in social communication, social cognition and repetitive/ restricted behaviors. Concurrent associations (at age 4), included impairments across multiple domains of social responsiveness (the same observed at age 2) that were increased by higher fear and sadness (i.e., negative affect in response to disappointment, object loss), and less soothability (i.e., slower recovery from distress).
This overall pattern is in line with the broader literature supporting associations between negative affect and socio-development (Eisenberg, et al., 1993; Eisenberg, et al., 2000; Murphy, et al., 2004; Sallquist, et al., 2009 ), but importantly these results provide evidence for the role of negative affect in the development and/or expression of specific social responsiveness skills. Together, these components of negative affect are closely identified with behavioral inhibition, which in turn has been related to socialization and coping strategies (Rothbart & Bates, 2006) . However, the present results suggest that these indices of temperament may be implicated in the development and/or expression of multiple social responsiveness behaviors (i.e., interpreting social cues, reciprocal social communication, motivation to engage with others, flexible social behavior). Interestingly, less adaptive social communication may be particularly problematic for children high in negative affect. While greater impairment in this domain was not only linked to each of these temperament scales, social communication also represented the largest direct contribution to the variate at each age.
Effortful Control
A significant pattern of associations was observed between measures of effortful control and social responsiveness at age 4. Lower levels of inhibitory control (i.e., capacity to plan/ suppress inappropriate approach responses in novel or uncertain situations) and attention shifting (i.e., shifting attention from one activity to another) were associated with impairment across all measured components of social responsiveness. This suggests that effortful control may be particularly relevant for understanding the concurrent expression of social responsiveness at this age. As effortful control undergoes considerable change in early childhood (Putnam, et al., 2006; , it is not surprising that this dimension would not emerge as a significant factor earlier in development. Diminished capacity for inhibitory control and modulation of attention would pose greater compromise to a toddler's optimal social interactions, including the ability to successfully detect, interpret and engage in a reciprocal social exchange.
Gender and Maternal Education
Although the influences of gender and maternal education were not entirely consistent (across age and temperament factors), this is in keeping with the broader literature. Nonetheless, several interesting patterns were evident. Generally speaking, being male was associated with greater deficits in multiple domains of social responsiveness across age (it should be noted that the T-scores on the SRS are normed by gender). This was most consistently observed with social cognition and social communication. Although reports have been mixed in terms of the impact of temperament on socio-developmental outcomes for boys and girls (see Sanson, et al., 2004) , results are consistent with evidence of higher rates of social communication deficits in males (Fombonne, et al., 2003) . In terms of maternal education level, a relatively consistent pattern of association was also observed. Greater impairment in social responsiveness was associated with children whose mothers had lower levels of education (i.e., less than a college education), a finding which is consistent with observations of elevated levels of temperamental difficulty among lower SES families (Sanson, et al., 2004) . Deficits in social communication were most consistently linked to lower maternal education level, although deficits in social cognition and restricted/ repetitive interests also emerged as significant. The exception to these patterns occurred for impairment in social awareness, which was associated with being female and having a mother with a higher level of education. Although the nature of these associations are not entirely clear, they raise interesting questions for future research and suggest the importance of gender and SES contributions when considering outcomes in these domains.
Summary
Our findings reveal a number of significant patterns of associations between indices of temperament and later social responsiveness in early childhood. These results should not be interpreted to suggest that temperamental profiles are causative in themselves but rather, represent a distinct, but related domain of development that may operate as a risk or protective factor for social responsiveness outcomes. One primary implication of these results relates to the consistent finding that components of negative affect were associated with greater deficits in social responsiveness; high levels of early discomfort may also serve as a potential warning sign for later, less adaptive, social responsiveness. In contrast, associations with effortful control were not evident until age 4; interestingly, the effortful control scales were linked to all measured aspects of social responsiveness. This shift reflects developmental change in the expression and assessment of temperament (Rothbart & Bates, 2006) , but may also offer insight into factors related to the eventual emergence of social responsiveness. Nonetheless, it is important to consider that for this typically developing sample, the degree of impairment in both social responsiveness and temperament domains was moderate.
One important strength of the current paper is the use of canonical analyses to simultaneously consider multivariate associations across all variables of interest, which allowed us to explore in detail patterns of association. While this approach limited our ability to consider interactions, it allowed us to identify the unique and relative contributions of indices of temperament and social responsiveness at each age. Although we did not have an independent measure of psychopathology (i.e., anxiety, externalizing disorders, etc.), the SRS identifies deficits in social responsiveness that are independent from other kinds of psychopathology . This supports the interpretability of the current results as distinct from the influence of other psychopathology. Although parent reported measurement of temperament and social responsiveness are accepted means of characterizing individual differences, future research should incorporate multiple measures of development in these domains. In addition, because of the constraints inherent to our sample size, it was not possible to examine the trajectories of temperament across time for individual infants. Furthermore, these data do not allow us to examine the co-emergence of temperament and social responsiveness. These are important next steps towards determining the nature of the relationship between temperament and social responsiveness, as it remains unclear when and how temperamental dispositions influence the emergence and manifestation of social responsiveness.
To our knowledge, this study represents the first attempt to characterize multivariate patterns of association between temperament and social responsiveness outcomes in typically developing children. Characterizing patterns among factors relating to deficits in social responsiveness has important implications for understanding developmental trajectories towards both typical and atypical social-developmental outcomes. Even mild deficits in social responsiveness may have an impact on functioning and outcomes in a variety of domains. As a result, beginning to describe these patterns opens up the possibility of examining variation in features of temperament that affect not only outcomes in early childhood, but also potentially the emergence of the parameters of social engagement earlier in development. 
